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CLAIMS 



[Claim(s)] 

[Claim l] The shading film which is a 
shading film which shades the 
unnecessary beam of light which is 
formed on a substrate and goes into a 
solid state image pickup device, and is 
characterized by having a 
refractory-metal thin film and the 
protective coat by which consisted of 
****** or the nitride of a refractory metal, 
and the laminating was carried out on 
the aforementioned refractory -metal thin 
film. 

[Claim 2] The shading film according to 
claim 1 characterized by having the 
junctional membrane by which consisted 
of ****** or the nitride of a refractory 
metal, and the laminating was carried 
out to the bottom of the aforementioned 
refractory-metal thin film. 
[Claim 3] The shading film which is a 
shading film which shades the 
unnecessary beam of light which is 
formed on a substrate and goes into a 
solid state image pickup device, and is 
characterized by the bird clapper from 
silicide, such as X3Si2 with few Si 
composition ratios than die silicide, and 
X3Si, when making X into a refractory 
metal. 

[Claim 4] The aforementioned refractory 
metal is a shading film according to claim 



1 or 3 characterized by being Mo, W, Ti, or 
Ta. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention 
relates to the shading film which shades 
the unnecessary beam of light which is 
formed on a substrate and goes into solid 
state image pickup devices, such as CCD, 
and relates to the shading film using the 
refractory metal especially. 
[0002] 

[Description of the Prior Art] Using 
refractory-metal ******, and aluminum 
or aluminum alloy as a shading film of 
solid state image pickup devices, such as 
CCD, is known. 

[0003] Moreover, as refractory-metal 
****** used as a shading film, when 
making X into refractory metals, such as 
Mo, XSi2 which is die silicide is used as a 
shading film. 
[0004] 

[Problem(s) to be Solved by the 
Invention] However, when 
refractory-metal ****** was used as a 
shading film and having been 
heat-treated at the process after forming 
a shading film, the shading property of a 
shading film deteriorated remarkably 
and there was a trouble that the 
smear-proof performance of a solid state 
image pickup device fell. 
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[0005] The heat treatment dependency of 
the permeability of a shading film at the 
time of heat-treating, after forming a 
shading film in drawing 8 using MoSi2 
which is die silicide is shown, a carries 
out sputtering of MoSi2, the permeability 
immediately after formation of a shading 
film is shown, and b, c, and d show the 
permeability after annealing respectively 
at 900 degrees C for 4 hours for 2 hours 
for 1 hour, and e and f show the 
permeability after annealing respectively 
at 950 degrees C for 2 hours for 1 hour. 
Although the shading film immediately 
after membrane formation of MoSi2 
covers a full wave length field and it has 
a good shading property as shown in a, 
when it passes through a heat treatment 
process 900 degrees C or more, it turns 
out that permeability rises remarkably in 
a wavelength field 550nm or more, and 
the shading property in a long 
wavelength field deteriorates. 
[0006] A shading property deteriorates 
with heat treatment for amorphous 
refractory-metal ****** crystallizing with 
heat treatment, and Si atom arranging 
regularly. Therefore, in the shading film 
using ******, it is hard to avoid 
degradation of the shading property by 
heat treatment. In addition, there is the 
same report as the case of MoSi2 also 
about the case where a shading film is 
formed using the die silicide WSi2 which 
set the refractory metal to W 
(IEEE.Trans.Elec.Div.vol.38, No. 5, p965). 



[0007] It is also considered that 
degradation of the shading property by 
heat treatment uses refractory-metal 
itself as a shading film instead of ****** 
which is hard to avoid. 
[0008] However, there are the following 
troubles in this case. 

(1 ) An affinity with oxygen is large. For 
this reason, a refractory metal tends to 
oxidize, it oxidizes easily and at least 
about 500-600 degrees C of volatile oxides 
are formed. And a shading film volatilizes 
and a smear performance falls. 

(2) The junction force is inferior. Since the 
coefficient of thermal expansion is large 
compared with Si or Si02, big internal 
stress occurs with heat treatment of the 
time of film formation, or after that, and 
ablation of a film tends to produce a 
refractory metal. 

(3) Chemical resistance is inferior. 
[0009] Therefore, it is not appropriate to 
use refractory-metal itself as a shading 
film instead of ******. 

[0010] Then, the purpose of this invention 
is offering the shading film which can 
improve the smear- proof performance of a 
solid state image pickup device, without 
changing fundamentally the manufacture 
process of the solid state image pickup 
device which solves the problem which 
the above-mentioned conventional 
technology has, and is used 
conventionally. 
[0011] 

[Means for Solving the Problem] In order 
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to attain the above-mentioned purpose, 
the shading film by this invention 
according to claim 1 is a shading film 
which shades the unnecessary beam of 
light which is formed on a substrate and 
goes into a solid state image pickup 
device, and is characterized by having a 
refractory-metal thin film and the 
protective coat by which consisted of 
****** or the nitride of a refractory metal, 
and the laminating was carried out on 
the aforementioned refractory-metal thin 
film. 

[0012] It is suitable for this shading film 
to have the junctional membrane by 
which consisted of ****** or the nitride of 
a refractory metal, and the laminating 
was carried out to the bottom of the 
aforementioned refractory metal thin 
film. 

[00131 Moreover, the shading film by this 
invention according to claim 3 is a 
shading film which shades the 
unnecessary beam of light which is 
formed on a substrate and goes into a 
solid state image pickup device, and 
when making X into a refractory metal, it 
is characterized by the bird clapper from 
silicide, such as X3Si2 with few Si 
composition ratios than die silicide, and 
X3Si. 

[0014] As for this shading film, it is 
suitable for the aforementioned 
refractory metal that they are Mo, W, Ti, 
or Ta. 
[0015] 



[Function] Since the laminating of the 
protective coat which consists of ****** or 
the nitride of a refractory metal on a 
refractory-metal thin film is carried out 
to the shading film according to claim 1, 
even if a shading film is heat treated, a 
refractory-metal thin film cannot oxidize 
easily. 

[0016] Moreover, the laminating of the 
junctional membrane which consists of 
****** or the nitride of a refractory metal 
is carried out to the shading film 
according to claim 2 under the 
refractory- metal thin film, and since the 
junctional membrane which consists of 
****** or the nitride of a refractory metal 
is excellent in SiO two-layer adhesion 
junction nature, a shading film cannot 
exfoliate easily from SiO two-layer in 
elevated-temperature heat treatment. 
[0017] Moreover, since Si composition 
ratio consists of silicide, such as few 
X3Si2 and X3Si, from die silicide XSi2 
when making X into a refractory metal, a 
shading film according to claim 3 has few 
grades which Si atom arranges regularly 
with heat treatment, and the increase in 
the permeability by heat treatment is 
small excellent in a shading property. 
[0018] 

[Example] The 1st example of the 
shading film of the solid state image 
pickup device by this invention is 
explained in detail with reference to a 
drawing. The optical cover structure of a 
CCD area sensor is shown in drawing 2 . 
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the Si substrate 1 top a sign 1 indicates 
Si substrate to be ■■ the SiO two-layer as 
an insulating layer - the laminating of 2 
is carried out and the Poly electrodes 3 
and 4 are laid underground into SiO 
two-layer 2 On the front face of SiO 
two-layer 2, the shading film 5 
concerning this example is ****(ed). After 
the shading film 5 is ****(ed), the 
passivation film 6 prepares on the 
shading film 5, and the aluminum-Si 
shading film 7 is formed in the up flat 
part of the passivation film 6 at ** and 
the pan. In addition, the aluminum Si 
shading film 7 can be omitted by choosing 
the thickness of the shading film 5 
suitably. 

[0019] With reference to drawing 1 , the 
composition of the shading film 5 is 
explained in detail. The shading film 5 
****(ed) on SiO two -layer 2 consists of the 
refractory metal thin film 11 which 
consists of either of the refractory metals, 
such as Mo, W, Ti, or Ta, a protective coat 
12 ****(ed) on the refractory- metal thin 
film 11, and a junctional membrane 13 
****(ed) under the refractory-metal thin 
film 11. Both the protective coat 12 and 
the junctional membrane 13 consist of 
****** of a refractory metal, or a nitride, 
i.e., MoSi2, WSi2, TiSi2, TaSi2, MoN, WN, 
TiN, TaN, etc. 

[0020] In addition, even if the kind of 
refractory metal which constitutes the 
refractory-metal thin film 11, a protective 
coat 12, and a junctional membrane 13 is 



mutually the same, it hopes that it is not 
the same. Moreover, I hope that it is not 
t he same even if the thickness of the 
refractory- metal thin film 11, a protective 
coat 12, and a junctional membrane 13 is 
mutually the same. Moreover, a 
junctional membrane 13 can also be 
omitted. Moreover, the laminating of two 
or more refractory metal thin films 11, 
protective coats 12, or junctional 
membranes 13 is carried out, and the 
shading film 5 can also be constituted in 
four or more layers. 

[0021] Next, an operation of this example 
is explained. Since the protective coat 12 
is ****(ed) on the refractory-metal thin 
film 11. since the refractory-metal thin 
film 11 does not contact an oxidizing 
atmosphere directly, oxidization is 
prevented in heat treatment after 
formation of the shading film 5. 
[0022] moreover, the junctional 
membrane 13 which the direct 
laminating of the refractory-metal thin 
film 11 is not carried out, but the 
laminating is carried out through the 
junctional membrane 13 on SiO two-layer 
2 which is an insulating layer, and 
consists of ****** or the nitride of a 
refractory metal -• SiO two-layer ■■ since 
it excels in the adhesion junction nature 
of 2 - - the shading film 5 -- 
elevated-temperature heat treatment - 
setting SiO two-layer - it does not 
exfoliate from 2 

[0023] Next, the example which 
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constituted this example concretely is 
shown below. The refractory-metal thin 
film 11 was formed by Mo of 1150A of 
thickness, the protective coat 12 was 
formed by MoSi2 of 720A of thickness, the 
junctional membrane 13 was formed by 
MoSi2 of 720A of thickness, and the 
shading film 5 which is = 
(MoSi2/Mo/MoSi2) (720/1150/720) was 
constituted. 

10024] The result which compared the 
shading property (a) of the shading film 5 
constituted in this way in drawing 3 with 
the shading property (b) of the 
conventional shading film formed only by 
MoSi2 of 3000A of thickness is shown. 
Drawing 3 shows the permeability after 
both annealing the shading film 5 and 
the conventional shading film formed 
only by MoSi2 in 900-degree C nitrogen 
atmosphere for 2 hours. To the shading 
property having deteriorated [ the 
conventional shading film ] in the long 
wavelength field 550nm or more, the 
shading film 5 by this example shows the 
permeability of zero mostly within the 
detection sensitivity of a spectroscope 
also in a long wavelength field 550nm or 
more, and a good shading property is 
shown. 

10025] Moreover, the shading film 5 
expressed with = (MoSi2 / Mo/MoSi2) 
(720/t/720> to drawing 4 is heat-treated, 
and the result which measured the 
permeability T to various thickness t of 
the refractory-metal thin film 11 which 



consists of Mo is shown. After heat 
treatment shows the shading property 
that the shading film 5 is expensive so 
that it may accept from drawing 5 . 
(MoSi2/Mo/MoSi2) The permeability T of 
the shading film 5 which is = 
(720/1150/720) becomes 1/500 of the 
permeability of the conventional shading 
film formed only by MoSi2 of 3000A of 
thickness, and the shading film 5 has 
shading property sufficient about the 
smear resulting from the transmitted 
light. 

[0026] moreover, the shading film 5 - 
elevated-temperature heat treatment - 
setting - SiO two-layer - having not 
exfoliated from 2 was admitted 
[0027] Next, the 2nd example of this 
invention is explained. In drawing 7 , it is 
the phase diagram of silicide having 
shown the case where a refractory metal 
was Mo. As shown in drawing 7 , 
although refractory-metal silicide forms 
silicide X3Si2 with few composition ratios 
of Si than die silicide XSi2, X3Si, etc. in 
addition to die silicide XSi2, it is checked 
(M. Hansen, Constitution of Binary 
Alloys, McGraw-Hill, 1985, p974). 
[0028] Unlike the conventional shading 
film being die silicide XSi2, the shading 
film 5 by this example consists of silicide, 
such as X3Si2 with few Si composition 
ratios, and X3Si, from die silicide, when 
making X into a refractory metal, 
[0029] Films, such as X3Si2 in the 
shading film 5 of this example and X3Si, 
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can be formed by the spatter. Moreover, 
you may form films, such as X3Si2 and 
X3Si, using the target which determined 
that surface ratio obtained a 
predetermined composition ratio for 
refractory metals X and Si. 
[0030] As for X3Si2, X3Si, etc., Si 
composition ratio decreases from die 
silicide to 1 / 1.6 - 1/2.6. For this reason, 
when a shading film is formed by the 
same thickness as the case where die 
silicide is used, the permeability of a 
shading film decreases to 40% - 60%. 
[0031] The thickness t of the die silicide 
MoSi2 when setting a refractory metal to 
Mo at drawing 5 and a relation with 
permeability T are shown. When the 
straight line (a) of drawing 5 which shows 
the thickness t after heat-treating a 
shading film under various conditions, 
and a relation with permeability T is 
referred to, it is equivalent to the 
thickness t of die silicide MoSi2 having 
doubled [ about ] thick that permeability 
decreases to 40% - 60%. 
[0032] Moreover, the smear relative ratio 
to each wavelength lambda when setting 
the smear in the wavelength of lambda= 
500nm to 1 about the shading film of the 
various thickness t of die silicide MoSi2 
at drawin g 6 is shown. A smear-proof 
ratio is improved twice [ about ] so that 
the thickness t of die silicide MoSi2 may 
**** twice [ about ] with a bird clapper 
from drawing 6 thickly. 
[0033] According to the composition of 



this example, since the shading film 5 is 
formed by silicide. such as X3Si2 with few 
Si composition ratios than die silicide, 
and X3Si, and it is hard to produce the 
regular array of Si atom by heat 
treatment compared with die silicide 
after heat-treating the shading film 5, 
permeability does not become large, but a 
good shading property can be acquired. 
Moreover, the spatter process of silicide 
can only change Si composition ratio of a 
target, without changing other processes, 
and the same process as the case where 
die silicide is used can be used for it. 
Therefore, the shading film which can 
improve the smear-proof performance of a 
solid state image pickup device can be 
offered, without changing fundamentally 
the manufacture process of the solid state 
image pickup device used conventionally. 
[0034] 

[Effect of the Invention] Since the 
laminating of the protective coat which 
consists of ****** or the nitride of a 
refractory metal on a refractory metal 
thin film is carried out to the shading 
film according to claim 1 according to this 
invention as explained above, even if a 
shading film is heat-treated, a 
refractory-metal thin film cannot oxidize 
easily. 

[0035] Moreover, the laminating of the 
junctional membrane which consists of 
****** or the nitride of a refractory metal 
is carried out to the shading film under 
the refractory-metal thin film, and since 
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the junctional membrane which consists 
of ****** or the nitride of a refractory 
metal is excellent in SiO two-layer 
adhesion junction nature, a shading film 
cannot exfoliate easily from SiO two-layer 
in elevated-temperature heat treatment. 
[0036] Moreover, since Si composition 
ratio consists of silicide, such as few 
X3Si2 and X3Si, from die silicide XSi2 
when making X into a refractory metal, a 
shading film according to claim 3 has few 
grades which Si atom arranges regularly 
with heat treatment, and the increase in 
the permeability by heat treatment is 
small excellent in a shading property. 
[0037] Since it can form without changing 
fundamentally the manufacture process 
of the solid state image pickup device 
conventionally used in the thin film of 
silicide, such as a protective coat, a 
refractory-metal thin film, a junctional 
membrane and X3Si2 with few Si 
composition ratios than die silicide XSi2, 
and X3Si, the shading film which can 
improve the smear proof performance of a 
solid state image pickup device can be 
offered efficiently. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] The cross section showing 
the 1st example of the shading film by 
this invention. 

[Drawing 2] The cross section showing 
the optical cover structure of the CCD 



area sensor using the shading film by this 
invention. 

[Drawing 3] Drawing having shown the 
shading property (a) of the shading film 
by the 1st example of this invention as 
compared with the shading property (b) 
of the conventional shading film formed 
only by MoSi2 of 3000A of thickness. 
[Drawing 4] (MoSi2 / Mo/MoSi2) Drawing 
showing the relation of permeability T to 
various thickness t of the 
refractory-metal thin film which 
heat-treats the shading film expressed 
with = <720/t/720), and consists of Mo. 

[Drawin g 5] Drawing showing the 

thickness t of die silicide MoSi2, and a 
relation with permeability T. A straight 
line (a) shows the thickness t after 
heat-treating a shading film under 
various conditions, and a relation with 
permeability T, and a straight line (b) 
shows the thickness t immediately after 
shading film formation, and a relation 
with permeability T. 

iDrawing 6] Drawing showing the smear 
relative ratio to each wavelength lambda 
when setting the smear in the 
wavelength of lambda= 500nm to 1 about 
the shading film of the various thickness 
t of die silicide MoSi2. 
[Drawin g 7] The phase diagram of the 
atomic ratio of silicide and temperature 
which showed the case where a refractory 
metal was Mo. 

[Drawing 8] The heat treatment 
dependency of the permeability of the 
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shading film at the time of heat-treating, 
after forming a shading film using MoSi2 
which is die silicide is shown, a carries 
out sputtering of MoSi2, the permeability 
immediately after formation of a shading 
film is shown, and b, c, and d show the 
permeability after annealing respectively 
at 900 degrees C for 4 hours for 2 hours 
for 1 hour, and e and f show the 
permeability after annealing respectively 
at 950 degrees C for 2 hours for 1 hour. 
[Description of Notations] 

1 Si Substrate 

2 SiO Two-layer 

3 Poly Electrode 

4 Poly Electrode 

5 Shading Film 

6 Passivation Film 

7 Aluminum-Si Shading Film 

11 Refractory Metal Thin Film 

12 Protective Coat 

13 Junctional Membrane 
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